The Wang-Chen system with a unique stable equilibrium and the coexistence of hidden attractors has attracted increasing interest due to its striking features. In this paper, we study the critical points at infinity by verifying that the system has a limit cycle around the origin and a limit cycle around (0,1) for = λ = 0.
Introduction
Wang and Chen have investigated a system with only one stable equilibrium which displays chaotic dynamics. Wang-Chen system is significantly different from conventional chaotic systems because it does not have any unstable equilibrium points. Therefore, the existence of chaos in such a system cannot be proved via a common Shilnikov criterion.
The following quadratic system was given by Chen and Wang as a system with 4 limit cycles for small values of and λ.
x − 3y = 0. Let's replace inẋ = 0. Si x = 0, we obtain −y + y 2 = 0 and then y = 0 and y = 1. Therefore we have two singular points P 1 = (0, 0) and P 2 = (0, 1). Now, if y = x we have thaṫ
for all x. So we see that on the right 1 + 2 9
x − 3y = 0 the stream is horizontal directed to the left. Now the Jacobian matrix gives us
x − 3y −3x , then at P 1 = (0, 0) we get
which has eigenvaluesλ = ±i, then P 1 = (0, 0) is a weak focus, so the origin has a second order Hopf bifurcation, so we can conclude that there is a limit cycle around the origin. For the point P 2 = (0, 1) we have the Jacobian matrix
i, therefore the point P 2 = (0, 1) is a repulsive focus. Then, using the Poincaré-Bendixson theorem we will show that the system has a limit cycle around P 2 = (0, 1), for that we study the system at infinity (using Poincaré's compactification). Now, with λ = = 0, in the first card to infinity (x = 1) we take
so in these coordinates the field becomeṡ
Therefore the system becomeṡ
After multiplication by z and rearrangement of the terms we obtaiṅ
The singular points are given by z = 0 and p(u) = u 3 + u 2 − 2 9
= 0. Now, we can see that the discriminant of p(u) is equal to
therefore p(u) has a single root u 0 which is positive. For this singular point, we look at its Jacobian matrix. Indeed
and
, then the two eigenvalues are λ 1 = −3u 
thenλ 2 has the sign of (10). Now we have to determine the sign of 3u 0 − 2 9
.
If we take u =
27
we see that p( > 0, from where λ 2 > 0 and the point (u 0 , 0) to infinity is a saddle point. This point corresponds to two singular points at infinity which are diametrically opposed in the quadrants x, y > 0 and x, y < 0.
Note. The second card does not give a new singular point. Indeed, the second card (y = 1) gives us that for (u, v) = ( 
